Cost-effectiveness analysis CUA Cost-utility analysis ICER Incremental cost-effectiveness ratio ITB Intrathecal baclofen QALY Quality-adjusted life-year RCT Randomized controlled trial AIM Economic appraisal can help guide policy-making for purchasing decisions, and treatment and management algorithms for health interventions. We conducted a systematic review of economic studies in cerebral palsy (CP) to inform future research.
INTERPRETATION Prevention of CP would avoid significant economic burden. Some treatments and interventions have been shown to be cost-effective, although stronger evidence of clinical effectiveness is needed.
Cerebral palsy (CP) describes a group of developmental disorders of movement and posture, causing activity restriction or disability attributed to disturbances occurring in the fetal or infant brain. The motor impairment may be accompanied by a seizure disorder and by impairment of sensation, cognition, communication and/or behaviour, and by secondary musculoskeletal problems. 1 CP has a prevalence of approximately 1 in 500 neonates, with 17 million people affected worldwide. 2 The overall prevalence of CP in high-income countries is 2.11 per 1000 live births, 3 and 2.0 to 2.8 per 1000 live births in low-and middle-income countries. 4 In Australia, after a long period of stable prevalence at 2 to 2.5 per 1000 live births, the rate of CP declined to 1.4 to 2.1 per 1000 live births between 2007 and 2009. 5 The downward trend is particularly evident in infants born extremely preterm. The severity and complexity of CP has also declined. The CP registers in some Australian states have estimated the current CP prevalence to be less than 1.5 per 1000 live births. 6 The precise aetiology of CP is still unclear. Risk factors for CP include preterm birth, multiple pregnancy, intraamniotic infection, perinatal inflammation, low maternal thyroid hormone levels, perinatal asphyxia, placenta abnormalities, fetal growth retardation, and neonatal hyperbilirubinaemia. While CP involves damage to the central nervous system, clinical symptoms of CP are predominantly observed in the musculoskeletal system. In addition, 31% of children with CP born between 1993 and 2006 had epilepsy, 5% were blind, 2% were deaf, and 44% had intellectual impairment. 7 CP is a lifelong condition, with profound impacts on the individuals, as well as their family. Mothers of children with CP have poorer mental and physical health outcomes than mothers of children with typical development. 8, 9 From a broader perspective, CP also significantly affects education and welfare systems. Given the burden and impact of CP, improvements in our knowledge base to guide treatment and prevention is crucial. While clinical research has progressed our understanding of risk factors and efficacy, our knowledge of cost-effectiveness and how best to utilize available budgets is poorly documented.
We conducted a systematic review to provide information on the economic aspects of CP that have been researched and to identify the strengths/weaknesses and gaps in the current economic research. We aim to address the cost and cost-effectiveness of interventions focusing on CP for individuals from the pre-/perinatal period through to adolescence in studies reporting clinical investigations and/or modelling simulations. This study is, to our knowledge, the first systematic review on economic evidence for CP-specific interventions.
METHOD
A systematic review was conducted, following the Cochrane Systematic Review and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, to identify economic studies on interventions for children with CP. 10, 11 Search strategy Seven electronic databases (Ovid MEDLINE, Embase, CINHAL, PsycINFO, Econlit, Health Economic Evaluation Database, and NHS Economic Evaluation Database in the Cochrane Library) were searched with the following search terms: (1) 'cerebral palsy'; (2) 'health care costs' and 'cost analysis'; and (3) 'economic evaluation' (including 'cost-effectiveness analysis' and 'cost-benefit analysis'). The search strategies for various databases are documented in Table I . The literature search was restricted to articles written in English and published from 1970 to the present. A manual search of references in selected articles was also carried out to identify additional relevant studies. The search of published studies was performed in December 2015 and updated in April 2017.
Inclusion and exclusion criteria
Two reviewers (STFS and UT) independently screened all titles and abstracts identified. Publications meeting the inclusion criteria were included for full-text assessment. Discrepancies between two screening results were discussed (STFS, UT, RC) and resolved. Inclusion for full-text assessment were those articles reporting costs, cost estimates, cost-effectiveness, cost-benefit, or economic evaluation in CP. Studies that only reported CP as one of the outcomes measured, rather than investigating interventions for CP prevention or treatment, were excluded. For example, a wide range of perinatal interventions to prevent adverse birth outcomes have been studied. The studies that included CP as one of the outcomes with less than 10% of cases reported were excluded from the current review.
Economic evaluation studies were appraised against the checklist criteria for assessing economic evaluation set by Drummond et al. 12 The checklist of Drummond et al. consists of 10 important areas: (1) well-defined questions; (2) comprehensive description of the competing alternatives; (3) established effectiveness; (4) identification of relevant costs and consequences; (5) appropriate measurement of costs and consequences; (6) credible valuation of costs and consequences; (7) costs and consequences adjusted for timing; (8) incremental analysis; (9) uncertainty analysis; (10) discussion of issues of concern to users.
Data extraction
A data extraction template was developed and utilized for each of the studies selected for full-text analysis. Extracted information included author names, year of publication, country of study, aim of study, study type, population included, intervention studied, comparison group, time horizon of study, currency and reference year, main results, and comments for discussion. Data were extracted independently by two reviewers (STFS and UT). Discrepancies on extracted data were cross-checked and discussed, with final decisions agreed between STFS, UT, and RC.
Outcome measures
Two outcome measures were targeted in the review: 'cost' (defined according to the method used in the study, e.g. total cost, per case, per episode, lifetime, etc.) and the 'cost-effectiveness ratio' (e.g. incremental cost-effectiveness ratio [ICER] ). Costs were normally reported as costs of specific treatment for CP. Health economics studies What this paper adds
• Cost-effectiveness evidence shows prevention is the most significant strategy.
• Some treatments are cost-effective, but stronger evidence for long-term effectiveness is required.
• Comparison of treatment costs is challenging owing to variations in methodologies and varying clinical indications.
presenting the burden of disease or cost of illness related to CP were excluded from the present paper and reported elsewhere. 13 The focus of the present paper was to provide a value judgement of efficiency for interventions targeting CP, whereas the burden of disease or cost of illness studies presented a description of the magnitude of the condition or impact of the problem without enough information to make value judgements. Although studies reporting cost of specific treatment or therapy do not assist in making a value judgement of efficiency, they were included in the present paper as they provided information about budget implications of interventions for CP. For the purposes of this review, arguable assumptions made in included studies, if any, were also recorded to flag variations between studies.
RESULTS
There were 980 references identified from the electronic databases. After removal of duplicates, 706 titles and abstracts were screened. Based on our inclusion criteria, 115 articles were included for full-text assessment. Of these, 15 articles met the criteria of economic evaluation and 18 publications reported cost of treatment. The PRISMA flowchart, demonstrating the identification, screening, eligibility, and inclusion of studies, is shown in Figure 1 .
The 15 included articles reported economic evaluation results of ICER for the following interventions: prevention of CP (n=4, including one conference abstract); [14] [15] [16] [17] botulinum toxin A (BoNT-A) injection (n=4, including one conference abstract); [18] [19] [20] [21] intrathecal baclofen (ITB) therapy (n=3); [22] [23] [24] functional electrical stimulation (n=1); Review 545
proximal femoral hardware retention (n=1); 26 web-based home program (n=1); 27 and lifestyle intervention (n=1). 28 Seven of these economic evaluations were conducted by a modelling approach, whereas six were economic evaluations alongside clinical studies or randomized controlled trials (RCTs). The results of the data extractions from the economic evaluation studies are listed in Table II . Two studies were classified as partial economic evaluations (i.e. functional electrical stimulation and proximal femoral hardware retention) as either no comparison group data was presented or no comparison of outcome and cost were carried out. There were 18 publications that reported on the costs of treatment and therapy in 15 studies, either as part of a clinical study assessing effectiveness, or as a dedicated economic study. Among these, six studies were cost analyses or budget impact analyses of BoNT-A; four involved ITB therapy; four were cost studies of various surgical procedures; two were assessments of gait analysis; and two studies focused on community-based care and a specialized seating delivery model. Details of included economic evaluation and cost analysis studies are discussed blow.
Economic evaluation studies on prevention of CP

Magnesium sulfate
Administration of magnesium sulfate in females at risk of preterm birth to prevent CP is the most promising intervention of those studied to date. Two decision-analytic modelling studies were carried out by Cahill et al. and Bickford et al. to assess the cost-effectiveness of this intervention. 14, 16 Both studies modelled the cost and outcome for a lifetime horizon and were undertaken from both the 'health system' perspective to account for resources incurred in the health care sector, including out-of-pocket costs to the individuals, and the 'societal' perspectives to capture a broader range of impacts.
In the study by Cahill et al., 16 cost was estimated in US dollars and outcomes were reported as quality-adjusted lifeyear (QALY). The strategies were also compared in terms of 'cases prevented', 'neonatal or infant deaths', and costeffectiveness ratios. In the study by Bickford et al., 14 CP was the only neonatal outcome included in the models and all costs were presented in 2011 Canadian dollars (CAN$). Data from four RCTs were pooled to obtain the probabilities of CP of various severities for the Canadian study. [29] [30] [31] [32] For imminent preterm birth, use of magnesium sulfate was a dominant strategy that is both less costly and more effective than the alternative of no treatment from both the 'health system perspective' and the broader 'societal perspective'. 14 The broader perspective included productivity costs, such as all costs associated with lost labour market productivity for adults with CP, and social costs consisting of all costs associated with specialized education, specialized housing, and lost labour market productivity for primary care providers of children with CP.
For threatened preterm birth, the intervention was dominant from the 'societal' perspective and cost-effective from a 'health system' perspective. From the narrower 'health system' perspective, the model predicted an ICER of CAN $2083 per QALY gained and CAN$28 755 per CP averted. With the decision threshold for cost-effectiveness of '$50 000 per QALY' applied in countries like Australia, the UK, and Canada, a result of CAN$2000 per QALY would suggest strong cost-effectiveness.
The study of Cahill et al. also suggested that, compared with no treatment, magnesium sulfate was the dominant strategy (saving costs and gaining more health benefits) when given to females with preterm, premature rupture of membranes, as well as females at risk of delivery before 28 weeks' gestation. 16 However, the intervention was not cost-effective when the risk reduction in moderate-tosevere CP by the magnesium treatment was less than 14%.
Other preventative interventions for CP
One study reported a trial-based economic evaluation of two fetal surveillance strategies focused specifically on the prevention of CP. 17 The trial results indicated a reduction of CP cases through the surveillance strategies of cardiotocography plus ST-segment waveform analysis of the fetal electrocardiogram versus cardiotocography alone. Without a common metric like QALYs, this result is limited in informing the 'value-for-money' of surveillance per se, but is useful for decisions around technical efficiency (i.e. how to offer surveillance to whom with what modality, if a decision is to be made to offer fetal surveillance). We are unable to conclude whether or not this intervention is cost-effective by the threshold of $50 000 per QALY. However, fetal surveillance is significantly less cost-effective by the ICER of €167 854 per one CP case prevented compared with the ICER of CAN$28 755 per CP averted by magnesium intervention.
Economic evaluation studies on treatment for CP
BoNT-A injection
Three studies have assessed the cost-effectiveness of BoNT-A injection in the management of spasticity, but they demonstrate inconsistent results. [19] [20] [21] In a modelled evaluation in the Australian setting, conducted as part of an application to the Pharmaceutical Benefits Advisory Committee for drug listing, the case is based on equivalent efficacy of BoNT-A injection and serial casting. The effects of BoNT-A lasted longer and therefore it was regarded as the preferred treatment. 21 The efficacy of the treatment was modelled from RCTs including Australian patients. 33, 34 A cost consequences analysis was undertaken in which the costs and consequences of treatment were presented separately and only the direct medical costs were included. The additional cost for BoNT-A injection, discounted at 5% annually, was 793 Australian dollars (AUD $) for patients with hemiplegia and AUD$867 for diplegia, over a treatment interval of 3.7 years. The study concluded that the additional costs associated with BoNT-A over and above serial casting treatment were modest and could be offset by indirect costs (e.g. travel costs) if analysed from a societal perspective. Review 547 Review 549 Further, a more recent RCT (2015) showed no statistically significant evidence for the added value of BoNT-A treatment followed by intensive physiotherapy compared with intensive physiotherapy alone. 19 The trial found trends towards the intervention effect in favour of only intensive physiotherapy for improving gross motor function (p=0.095), decreasing sedentary behaviour during everyday physical activity (p=0.087), and improving quality of life (p=0.066). The addition of BoNT-A to physiotherapy improved everyday physical activity over 24 weeks' follow-up (p=0.064), with a significantly higher treatment cost (€8963 vs €6182; p=0.001). The higher treatment cost did not seem to be warranted for the improved daily physical activity in the short-term, but long-term impact is uncertain.
A third modelling study constructed a decision-tree model to simulate the effects of Abo-BoNT-A, Ona-BoNT-A, and standard therapy. 20 Treatment efficacy, measured as the proportion of patients with spastic CP who avoided orthopaedic surgery at the end of 2 years of therapy, was obtained from available clinical trials. Abo-BoNT-A plus standard therapy is the most cost-effective treatment choice with the lowest ICER. Similar results were found in another, more recent economic study of BoNT-A treatment in which two types of BoNT-A (i.e. Abo-BoNT-A and Ona-BoNT-A) were compared in 895 paediatric patients aged 2 to 18 years with spasticity. 18 This was a cost-minimization analysis, where the treatment effectiveness was equivalent between the two drugs, conducted alongside a longitudinal observational study. The total direct cost (pharmacological and medical visits) difference was €208 per year per child in favour of treatment with Abo-BoNT-A.
ITB
Despite the limited efficacy base, there were three economic evaluation studies on ITB, two modelling studies and one cost-effectiveness analysis (CEA)/cost-utility analysis (CUA) alongside a national study on the efficacy of ITB. [22] [23] [24] The modelling studies aimed to simulate real-life scenarios.
One modelling study compared the cost-effectiveness of ITB used as the first-line treatment with all other conventional treatment options offered to patients with spasticity. 22 The comparator was a package of specific current treatments based on the most established French treatment patterns, namely physical therapy only, oral antispasticity agents, focal spasticity treatments, neurosurgical interventions, nursing care, and ITB (plus ITB potential adjustment dose plus potential pump removal). Two decision trees were constructed by simulation models using computer programming languages that aimed to replicate reallife clinical practices. Using ITB as the first-line strategy in severely impaired individuals with disabling spasticity had a significantly higher success rate than conventional medical management (78.7% vs 59.3%; p<0.001). ITB was considered to be the dominant strategy providing greater effectiveness at a lower cost.
In a further study, an ICER of USD$42 000 per QALY in a CUA was reported. 24 The likelihood that ITB has a cost per QALY of less than or equal to USD$50 000 was greater than 70%. Similar to the modelling study discussed above, 22 the CUA compared ITB with a conventional medical approach among children who had not responded to less-invasive treatments such as oral medications. A mathematical model simulated the experience of two groups of children, an ITB group and an alternative treatment group, followed over a 5-year treatment period. Based on results of 15 studies selected by the authors to identify the typical symptom profile of a child with severe spasticity, five health states were established to describe a typical child receiving ITB. Utility weights for each health state were rated by a panel of nine clinicians using the Health Utilities Index. 35 By drawing random samples with bootstrapping techniques from the appropriate sets of utility and cost values, the model created a set of data points for members of each of the two cohorts. ICERs were derived from the bootstrapping data sets of cost and utility that generated QALY over a 5-year period.
In contrast to these desk-top modelling studies, a CEA/ CUA was carried out alongside a Dutch national study on the efficacy and safety of ITB therapy for children with CP. 23 Data were collected from a sample of 15 young people aged between 7 years and 17 years at the time of pump implantation with Gross Motor Function Classification System levels III to V. The economic evaluations compared the costs and health effects of ITB with standard treatment only, for a 1-year period. Standard treatment included physical therapy, occupational therapy, and/or rehabilitation. Both the CEA and the CUA was undertaken from the health care perspective, taking into account all relevant resources consumed. Additional health effects of ITB were assessed by using the visual analogue scale for individual problems in the CEA and the EuroQol-5D in the CUA. 36 Owing to the small sample size, bootstrapping methods were undertaken to verify the reliability of the results with 1000 replications. The results showed ITB therapy was cost-effective by improving health outcome at a reasonable cost with an ICER of €32 737 per QALY (using the Dutch EuroQol-5D index) and €28 273 per QALY (using the UK EuroQol-5D index).
Other therapies and interventions for treating CP
Recently, a CEA was conducted alongside an RCT to estimate the cost and benefits of providing a multimodal webbased program delivered at home to facilitate intensive motor planning, upper limb, gross motor, and cognitive rehabilitation. 27 The participants of the RCT were 102 children with spastic unilateral CP aged 8 to 18 years with Gross Motor Function Classification System level I or II and Manual Ability Classification Scale levels I and III. The ICER results reported as 'cost per proportion of responders', defined as the minimum clinically important difference by either 0.3 logits on the Assessment of Motor or Process Skills or 2 points on the Canadian Occupational Performance Measure, ranged from AUD$3078 to AUD $4191 compared with usual care. With modest costs and a significant difference in proportion of responders for the intervention group, the authors concluded that the intervention offered a cost-effective program adjunct to direct rehabilitation for limited costs and greater gains in health outcomes.
A CUA of a lifestyle intervention was evaluated alongside an RCT for 57 adolescents and young adults with CP aged 16 to 24 years. 28 The analysis examined a 6-month lifestyle intervention consisting of physical fitness training combined with counselling sessions (focused on physical behaviour and sports participation), compared with the control group who continued with usual care. Intervention costs, direct medical costs, and productivity costs were assessed, with 2009 Dutch reference unit prices. Quality of life was measured using the Short Form-36 and converted into Short-Form-6D utility scores. 37 The preliminary results showed the intervention group gained 0.0131 QALYs with a lower annual total cost of €310, compared with the control group. However, none of the comparisons in cost or outcome between the two groups were statistically significant. Bootstrapping results showed 86% of ICERs were less €20 000 per QALY. The study suggests a lifestyle intervention is cost-saving or cost-effective compared with offering no intervention to improve movement behaviour and fitness among young people with CP.
Costing studies of treatment for CP
BoNT-A injection
Two budget impact analyses, undertaken in the UK and the Russian Federation, showed that Abo-BoNT-A was a less costly treatment than other BoNT-A injections, for example Ona-BoNT-A or Inco-BoNT-A. 38, 39 In the UK study, treatment with BoNT-A for patients with upper-limb spasticity was less costly than 'best supportive care' per patient per year. Note that the meaning of 'best supportive care' varies from country to country. In this study an increased uptake of Abo-BoNT-A resulted in a 5-year saving of £6 283 829 from the UK payer's perspective.
A retrospective clinical notes review in Germany on children treated with BoNT-A showed an 85% reduction in the percentage of children requiring surgery and 60% shorter average length of stay than the control group who would be eligible but did not receive the treatment. 40 The total cost of managing a patient receiving BoNT-A during their first year of treatment was found to be €16 700. The comparable cost of managing a control group patient was €33 800. The researchers concluded that the use of BoNT-A released resources for alternative use during the first year after treatment, without any loss of clinical improvement.
ITB therapy
A retrospective database analysis using actuarial methods was carried out to investigate the cost associated with ITB therapy for adjunct spasticity control versus continued conventional medical management in the absence of ITB therapy (ITB-free). 41 Cost projections were developed over a 30-year time horizon. Costs in the month of implant and in the following year were USD$26 375 more than conventional management. However, financial break-even occurred between the second and third years postITB implant. The lifetime analysis indicated that ITB was cost saving, with USD$8009 saved per patient per year compared with conventional therapy (3% discount rate; 2007 reference year). Most of the savings were derived from reductions in inpatient admissions, physician office visits, and outpatient physiotherapy. However, another study that compared 9 months before and after implantation of ITB indicated no significant difference in total costs. 42 
Surgical procedures
A micro-costing study detailing cost components associated with an intervention, was conducted to determine health care costs of upper-extremity surgical correction in 39 children with spastic CP at a Dutch hospital. 43 The average hospital cost was €6813 per child (reference year 2014), consisting of medical costs from the first contact until 9 months after surgery. Rehabilitation costs were estimated at €3599 per child with an average of 3.5 months duration of the rehabilitation program.
A costing exercise to produce patient level costing data for all instrumented scoliosis corrections was performed to inform a national tariff for paediatric spinal surgery in the UK. 44 A total cost of £20 340 was estimated from 23 patients with non-idiopathic scoliosis with neuromuscular, CP, congenital, and syndromic scoliosis. Another retrospective review of 74 surgical patients with neuromuscular scoliosis (28% with CP) indicated a total (SD) surgical cost of USD$50 096 (USD$23 998). 45 Major contributors to the cost of scoliosis surgery were implants, inpatient and intensive care unit costs, and bone grafts.
Gait analysis
One study concluded that computerized gait analysis was a potentially useful technology in the management of children with walking disabilities, but its efficacy had not been established. 46 Later, a retrospective study in 462 ambulatory patients with CP was conducted to compare the number of procedures and total costs between groups of patients undergoing gait analysis versus no gait analysis. 47 Adjusting for age, CP type, ambulatory status, Gross Motor Function Classification System level, and follow-up time, patients in the gait analysis group had more procedures (gait analysis: 5.8; no gait analysis: 4.2; p<0.001) and higher costs (gait analysis: CAN $43 006; no gait analysis: CAN$35 215; p<0.001) during index surgery but less subsequent surgery after the index surgery. Patients in the NGA group were twice as likely to have undergone additional surgery than patients in the gait analysis group (adjusted hazard ratio 2.1; p=0.002).
DISCUSSION
When interpreting the findings of this review, it is important to note that the term 'economic evaluation' has a very specific meaning and flows from the overarching economic principle of 'opportunity cost' -that in choosing one action we give up the benefits that might flow from alternative actions. This underlies the concept of efficiency -that of maximizing net benefit (i.e. benefit gained vs benefit forgone) with resource use, which is the mechanism that enables measurement of benefits gained or forgone. In applying this principle, economic evaluation must involve a comparison of alternatives (often 'current practice' vs an 'option for change') and must involve an analysis of both costs and benefits. A comparison of only outcomes may establish efficacy/effectiveness, a comparison of only costs may establish the cheapest option; however, both are required for cost-effectiveness. Similarly, a comparison of cost and outcomes for a single intervention is a cost-outcome description; it is not an economic evaluation. Economic evaluation can be conducted either alongside clinical studies, such as RCTs, or by a modelling approach that constructs mathematical relationships to simulate relevant consequences, such as disease progression, using the best available information. The modelling study is helpful in the absence of data certainty or when real-life studies are too difficult to conduct.
The generic concept of efficiency is further refined to target one or both of two key questions: (1) should an intervention be undertaken or ceased (i.e. value-for-money or 'allocative efficiency'); and (2) if an intervention is to be undertaken, how should it be designed (i.e. 'technical efficiency'). There are different types of economic evaluations to answer these questions, mainly differentiated on the basis of how they measure benefit. Evaluations that focus on the measurement of clinical and/or physical outcomes are called CEAs and are often closely linked to the primary and secondary outcomes of trials. Evaluations that focus on measurement of quality of life are called CUAs and require preference-based utility instruments. Evaluations that focus on measuring benefit in dollar terms are called cost-benefit analyses. The different types of economic evaluation have different credentials in terms of whether they can address allocative and/or technical efficiency. The most preferred intervention is, in economic terms, a dominant intervention, which both saves cost and improves health outcomes. Following the notion of 'dominant', a cost-effective intervention is one that improves health at additional cost with a lower ICER value. However, there is no explicit ICER threshold established; instead, a general rule of thumb, for example less than $50 000 per QALY is commonly used in countries like Australia, the UK, and Canada. 48 It is challenging to compare cost and cost-effectiveness of different treatment and interventions in a direct way, as the decision contexts and the health care systems are diverse. More importantly, the treatment and interventions for CP all have different indications so that clinicians and policy-makers should not make decisions merely based on the economic considerations. Clinical judgement and economic value judgement should be critically examined side by side. Judging the economic credential using common outcome measures, such as cost per QALY in CUA, is preferable to using different outcomes in cost-effectiveness measured by different studies. A number of studies in this review reported incomparable ICERs, so that a value judgement could not be formed. For example, cost per proportion of responders by the specific measurements in the multimodal web-based program RCT are of limited use as they cannot be compared to other interventions without this specific outcome measurement. 27 Caution is always required when comparing one study to another as assumptions are sometimes made, particularly in modelling studies in which assumptions made for the model parameters could impact on the conclusions.
The studies reported provide evidence that prevention of CP using magnesium sulfate in preterm births is costeffective. [14] [15] [16] Substantial lifetime costs attributable to CP have been reported in the USA and Europe, with the latest estimate up to USD$921 000 per person. [49] [50] [51] In Australia, the annual cost per person with CP was estimated at AUD $43 431 and at AUD$115 000 if the disability and premature death was included. 52 In Australia, the number of preand perinatally acquired CP cases over the 1993 to 2006 period was estimated to be 4817. 6 If effective prevention of pre-and perinatally acquired CP can be achieved, the reduction in CP cases in Australia could be translated into direct and indirect financial costs of AUD$67million per year averted by applying the Australian annual cost per person with CP. 52 Put another way, the reduction in CP cases equates to a lifetime cost of USD$4.4billion averted, if the US estimate of lifetime costs is applied. 50 Current economic modelling studies on the use of magnesium sulfate suggest the intervention is a 'dominant strategy' for imminent preterm birth. 16 With this 'back of the envelope' calculation, it can readily be seen that effective prevention strategies like magnesium sulfate could bring substantial relief to the health care system, to the welfare system, to individuals and their families, and to government.
Administration of magnesium sulfate in females at risk of preterm birth is the most promising intervention to prevent CP in terms of cost-effectiveness to date among the 15 included economic evaluation publications. The intervention of magnesium sulfate for fetal neuroprotection is either dominant or very cost-effective, depending on the risk level of preterm birth and the perspective taken by the analysis. Strong evidence of the benefit of magnesium sulfate in preventing CP among infants born very preterm has led to the development of guidelines for its use which have been endorsed by the Australasian College of Obstetricians and Gynaecologists and the National Health and Medical Research Council. 53 However, the uptake of these guidelines has been limited and magnesium sulfate is only used as a strategy to prevent CP in a small number of females. Nevertheless, 57% of CP cases occur in infants born at term where magnesium sulfate has no role in preventing CP. 5 In contrast, the fetal surveillance during labour intervention was not cost-effective, with ICERs that varied between Review 555 €78 719 and €393 594 per CP case prevented. In the majority of CP cases, the underlying injury occurred before labour onset. There is evidence of peripartum asphyxia in only about 10% of term births resulting in CP. Accordingly, no matter how effective intrapartum fetal surveillance is in detecting fetal hypoxia/asphyxia, it will only afford opportunities for mitigation in a small number of cases. The ICER results are limited in assessing the technical efficiency to determine what is the best way to undertake fetal surveillance, with what modality, and in which target population. New research areas in the prevention of CP in high-risk populations include use of antioxidant therapies (e.g. melatonin) in the perinatal period to protect the fetus, particularly the developing brain, against oxidative stress in pregnancy and at birth. 54 Further evidence of efficacy and effectiveness is required.
In addition to prevention of CP, the economic analysis of CP included studies of BoNT-A and ITB. Modelling simulation studies suggest that ITB could be cost-effective or cost-saving, although its efficacy is still to be verified by stronger evidence. [22] [23] [24] However, inconsistent results of the cost-effectiveness for BoNT-A injection have been reported from four economic evaluation studies, mainly owing to the additional effectiveness of the treatment compared with the chosen comparator, for example serial casting, intensive physiotherapy, or standard treatment. [19] [20] [21] Furthermore, some results are indicative and do not constitute strong evidence of value-for-money without evaluating long-term effect or reporting ICER by QALYs. BoNT-A injection is better for purely dynamic equinus but often it is used for mixed equinus when there is some contracture. Serial casting might by slightly superior to BoNT-A injection when there is a little more contracture. 33, 55 This raises the importance of critical considerations in the clinical context. In contrast, for economic considerations, without a unified comparator it is difficult to draw conclusions about the economic value of the treatment. Nevertheless, it is clear from studies comparing different types of BoNT-A that Abo-BoNT-A is the most economical choice compared with other types with equivalent treatment effect.
There is evidence in the literature that BoNT-A injection is effective for CP management (e.g. spasticity, motor function), but the results are inconsistent. BoNT-A injection for the upper limbs has been used with good efficacy if combined with therapy to reduce spasticity and improve hand function; 56, 57 other studies have shown that BoNT-A injection is ineffective for hip displacement. 58, 59 One animal study suggests that repeat BoNT-A injections may have potential harm in dramatically reducing muscle torque and producing fibrosis. 60 BoNT-A injection is considered effective for the following goals: reduction of upper-and lower-limb spasticity; improved walking abilities; improved hand function and performance of functional hand activities in combination with occupational therapy; and reduction in drooling. 61 BoNT-A has been used in young children to reduce spasticity in multiple muscles before children are old enough to undergo surgical procedures. There is a debate, however, about its overall clinical benefits. Two RCTs investigating BoNT-A injection frequency concluded that yearly injection versus every 4 months achieved the same treatment outcomes for lower-limb spasticity in children with CP. 62, 63 Substantial savings, in medical costs and cost to the families in time and travel, would be made if the BoNT-A regimen was reduced from every 4 months to yearly injections. Based on the current economic evaluation assessment, use of BoNT-A injection may be cost-effective, but further research is needed on its overall cost-effectiveness for different applications in CP management.
Many budget impact analyses and costing studies assessed the cost of BoNT-A versus control groups. The selection of comparator ranged from 'best supportive care' to 'usual care'. The meaning of 'best supportive care' or 'usual care' will vary from country to country and also within countries. Therefore, it is hard to draw conclusions as to whether cost savings in using BoNT-A to manage CP in one country are applicable to another country.
The current economic evaluation literature regarding ITB therapy suggests that the intervention is cost-effective in the short term and could be a dominant strategy in the long term. However, the efficacy and effectiveness of the therapy has not been well established and stronger evidence is required. According to a 'systematic review of systematic reviews on best available intervention evidence for children with CP', ITB therapy was graded as a 'yellow' intervention, that is, where predominantly low-quality supporting evidence is available and the size of the gains varied between studies. 61 It was graded as a 'probably do it' intervention, but quality and well-designed clinical trials are necessary to verify efficacy. ITB may benefit children with severe spasticity of cerebral origin who have not responded to less invasive treatments such as oral medications.
Cost-effectiveness ratios were presented by some studies that were not economic evaluations, that is, by cost outcome descriptions. This can create confusion for readers and such studies need to come with a warning that the information provided is descriptive and does not report efficiency. Economic evaluations should report incremental costs in relation to incremental outcomes. However, ICERs were not often reported. There are various guidelines for critical appraisal/reporting of economic evaluation studies; but no universally accepted criterion standard is used. 12, 64, 65 
CONCLUSION
It is clear from the present systematic review that the economics of CP is under-researched and more economic studies in this topic, as well as long-term clinical studies, are needed to provide robust evidence to inform value judgements. At this time, successful prevention in CP would clearly avoid significant costs. The administration of magnesium sulfate for imminent preterm birth is a dominant strategy resulting in less cost and more benefit compared with no treatment. However, guidelines for the use of magnesium sulfate in preterm labour are not well adhered to and it will not benefit the large proportion of infants born at term.
Economic evaluation of ITB therapy suggests that the intervention is cost-effective, but stronger evidence for long-term effects is needed. Implantation of the ITB drug delivery system is expensive and makes no difference in the short term; however, ITB may be a cost-saving intervention in the long term. BoNT-A injection is more costly than other conventional therapies (e.g. serial casting and physiotherapy), but the evidence for additional treatment benefits is inconclusive and the long-term effects are uncertain.
A web-based home therapy program is considered very cost-effective with improvements in motor skills and occupational performance. A lifestyle intervention could be cost-saving or cost-effective compared with offering no intervention to improve movement behaviour and fitness. Gait analysis is a potentially useful technology.
There are large gaps in the evidence that is available about the effectiveness of interventions, as well as a lack of high-quality economic appraisal in clinical studies. Continuing to build evidence about both the clinical and economic outcomes of interventions aiming to prevent CP or to improve outcomes for individuals with CP is critical for policy-making and service delivery. OBJETIVO La evaluaci on econ omica puede ayudar a orientar la formulaci on de pol ıticas para las decisiones de compra y los algoritmos de tratamiento y gesti on para las intervenciones de salud. Realizamos una revisi on sistem atica de los estudios econ omicos en par alisis cerebral (PC) para informar la investigaci on futura.
M ETODO Los estudios econ omicos publicados desde 1970 se identificaron a partir de siete bases de datos. Dos revisores analizaron de forma independiente los res umenes y extrajeron los datos siguiendo los lineamientos de los ıtems de informes preferidos para revisiones sistem aticas y metaan alisis (PRISMA). Cualquier discrepancia se resolvi o mediante discusi on.
RESULTADOS De 980 referencias identificadas, 115 se incluyeron para la evaluaci on de texto completo. Trece art ıculos cumplieron con los criterios est andar para una evaluaci on econ omica completa, dos como evaluaciones econ omicas parciales y 18 como estudios de costos. Seis fueron evaluaciones econ omicas completas junto con estudios cl ınicos o ensayos controlados aleatorios, mientras que siete incluyeron simulaciones de modelado. El argumento econ omico para la administraci on de sulfato de magnesio para un parto prematuro inminente es convincente, logrando tanto un aumento de la salud como un ahorro en los costos. La literatura actual sugiere que el tratamiento con baclofeno intratecal y la inyecci on de toxina botul ınica son rentables, pero se necesitan pruebas m as s olidas de los efectos a largo plazo. Las intervenciones mediadas por p aginas webs (web-based interventions) e intervenciones focalizadas en el estilo de vida son econ omicas, pero se requiere una medici on m as amplia de los resultados.
INTERPRETACI ON La prevenci on de ls PC evitar ıa una carga econ omica significativa. Se ha demostrado que algunos tratamientos e intervenciones son rentables, aunque se necesitan pruebas m as s olidas de la eficacia cl ınica.
RESUMO
AVALIAC ßÃO ECONÔMICA E CUSTO DAS INTERVENC ßÕES PARA PARALISIA CEREBRAL: UMA REVISÃO SISTEM ATICA OBJETIVO A apreciac ßão econômica pode ajudar na elaborac ßão de pol ıticas para decisões sobre aquisic ßão de servic ßos, e nos algoritmos para manejo e tratamento relacionados a intervenc ßões em sa ude. N os realizamos uma revisão sistem atica dos estudos econômicos em paralisia cerebral (PC) para informar futuras pesquisas.
M ETODO Estudos econômicos publicados desde 1970 foram identificados em sete bases de dados. Dois revisores avaliaram independentemente os resumos e extra ıram dados seguindo as diretrizes dos Itens preferidos para reportar em revisões sistem aticas e metan alises (PRISMA). Quaisquer discrepâncias foram resolvidas por discussão.
RESULTADOS Das 980 referências identificadas, 115 foram inclu ıdas para avaliac ßão do texto completo. Treze artigos atenderam aos crit erios para avaliac ßão econômica completa, dois como avaliac ßão econômica parcial, e 18 como estudos de custo. Seis foram avaliac ßões econômicas completas acompanhando estudos cl ınicos, enquanto sete envolveram simulac ßões de modelos. O caso econômico relativo a administrac ßão de sulfato de magn esio para o nascimento prematuro iminente e atraente, atingindo tanto ganho em sa ude quanto economia de custos. A literatura atual sugere que as terapias com baclofeno intratecal e injec ßão de toxina botul ınica são custo-efetivas, mas evidências mais fortes quanto aos efeitos de longo prazo são necess arias. Intervenc ßões sobre o estilo de vida e baseadas na internet são baratas, mas medidas de resultados mais amplas são necess arias.
INTERPRETAC ßÃO A prevenc ßão da PC evitaria custos econômicos significativos. Alguns tratamentos e intervenc ßões têm se mostrado custo-efetivos, embora evidências mais fortes de efetividade cl ınica sejam necess arias.
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